Abstract Freshwater ecosystems in many parts of the world have been severely affected by past management practices that have altered the volume, timing and quality of water flows and caused a decline in their ecological health. Some of these systems are also experiencing the negative impacts of climate change. Adaptation to climate change and the continual need to address existing ecological damage poses ongoing challenges for freshwater managers. In this paper we propose and discuss a Catchment Assessment Framework (CAF) that is used to evaluate existing and potential freshwater management actions, such as riparian revegetation and habitat connectivity, for their adaptation potential. The CAF was developed as a tool for prioritizing low risk climate change adaptation options in Australian catchment management. The CAF enables catchment managers and technical experts to assess management actions against seven inter-related criteria to provide a holistic assessment: relevance to the catchment; climate change adaptation potential, including potential for maladaptation and benefit under different climate scenarios; ecosystem service benefits; compatibility with other actions; implementation constraints; socioeconomic consequences; and a risk assessment. It was developed and applied by assessing nine management options with stakeholders in three catchments within the Murray-Darling Basin in south-eastern Australia. We found that while management options are undertaken as a response to existing degradation, they can be used as building blocks for a climate change adaptation strategy that considers a range of different but complementary measures to better manage climate-related risk. The CAF enables practitioners to assess the advantages of a range of adaptation options and to subject them to their wider decision making and management planning.
Introduction
Climate change is forcing natural resource managers, in particular those dealing with freshwater resources and ecosystems, to adapt to more frequent extreme events that impact on water resources and biodiversity. Despite the availability of generic advice for implementing climate change adaptation in environmental management, managers of water and other natural resources have limited guidance on appropriate adaptation options and frameworks for particular places given uncertainty about local climate impacts (Shoo et al. 2013 ). Adaptation to climate change is especially problematic for managers in charge of public resources such as fresh water, as climate change-driven impacts interact with and magnify existing stresses (MEA 2005; Pittock et al. 2011) , making it much harder to identify options to isolate and deal with the threat of climate change . In this paper, we argue for enabling interventions by application of a low-risk, multi-pronged approach to climate change adaptation, and we present a 'Catchment Assessment Framework' (CAF) as a tool to identify the climate change adaptation potential of existing management activities and help decisionmakers assess adaptation options involving natural resources.
This research focused on management of water, which constitutes both a private property right and a public good and is primarily governed by government or government-funded bodies. Climate change adaptation refers to the actions that people take in response to projected or actual climate change (Parry et al. 2007; p.27) . A related but as yet lesser known concept is that of 'maladaptation', which refers to actions that seek to avoid or reduce vulnerability to climate change, but end up increasing it in other systems, sectors or social groups (Barnett and O'Neill 2010) . Maladaptation does not just refer to unsuccessful adaptation (which implies that an action did not have the desired effect) but to actions that may have had the desired effect and also produced unintended consequences (Barnett et al. 2011) . Avoiding maladaptation is an increasing challenge for water managers as the lack of frameworks to structure climate adaptation means that managers are unsure to what extent existing activities are either adaptive or maladaptive (Prober et al. 2012) .
Knowledge of climate change impacts tends to be presented at global scales underpinned by a high level of uncertainty (Lawler et al. 2010 ) and predictive models are not yet sophisticated enough to differentiate the effects of climate change from other causes such as habitat fragmentation and river regulation. At the same time given the importance of reducing uncertainty in such models and enabling greater sophistication we expect that model development will advance rapidly. In this respect we could be in the midst of a transition to better models.
We therefore argue for 'low-risk' climate change adaptation that directly addresses the problems of uncertainty in the current state of knowledge by choosing options that offer benefits under a range of potential climatic conditions (Lukasiewicz et al. 2015) . Given the high state of uncertainty, adaptation options that address multiple drivers of biodiversity loss (such as increased habitat connectivity and the restoration of riparian vegetation) are more likely to prove beneficial regardless of the level of climate change. For example, the restoration of riparian vegetation can provide cooling effects on in-stream temperatures (Davies 2010) , however, regardless of its cooling potential, it also enhances biodiversity, provides erosion control and filters pollutants (Pittock 2009 ). Some researchers also point out that the negative effects of historical mismanagement of natural resources such as fresh water, continue to outweigh the negative effects of climate change, at least in the foreseeable future (Kingsford 2011; Pittock et al. 2008; Finlayson 2013) . It is therefore clear that climate change adaptation must consider complementary adaptation options that take into account non-climate change related stresses.
Climate change already poses economic, social and environmental challenges to both developed and developing countries. This research is based on case studies in the MurrayDarling Basin (MDB), which produces 70 % of Australia's irrigated agricultural output and provides a home to over two million people. It is an ecologically important region that covers one-seventh of the Australian continent and incorporates multiple bioregions, Australia's three longest rivers as well as over 30,000 wetlands, 16 of which are designated as being of international importance under the Ramsar Convention (MDBA 2013). Its ecology has already been greatly affected by water diversions (Kingsford 2000) and land clearing which have resulted in changes to water volumes and quality, as well as biodiversity loss (Pittock and Finlayson 2011) . Past management practices have contributed to large losses of birdlife, fish stocks and floodplain forest trees, as well as rising water tables, increased soil and groundwater salinity and algal blooms (Balcombe et al. 2011 ). Many, although not all, of these impacts were exacerbated by the Millennium Drought (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , especially in the southern Basin where this research was undertaken (Gale et al. 2014) . Climate change impacts on the southern MDB are projected to include higher temperatures and a decrease in the amount of precipitation, resulting in reductions of surface water availability (CSIRO 2008) . In turn this will modify the extent and frequency of wetland inundation, resulting in a contraction of wetland ecosystems, and reduced connectivity between wetlands, increased salinity and acidification of other wetlands (Nielsen and Brock 2009) . Indirect impacts of a warmer and drier climate include increased demand for water and changes in irrigation practices as cropping patterns and growing seasons shift with climate (Döll 2002) . Many proposed climate change mitigation options, such as planting trees to sequester carbon, are expected to have perverse impacts on water quality and quantity Wallis et al. 2014) . These circumstances are common in Australia and internationally and consequently the MDB has lessons and broad implications for adaptation policies.
Australian responses to climate change have focused on mitigation, rather than adaptation options, which are still in the formative stage (NWC 2012) . A Productivity Commission report on climate change adaptation in Australia promoted the idea of 'no-regret' or 'low-regret' reforms that built adaptive capacity and focused on managing risk (Productivity Commission 2012). Key adaptation options being implemented for ecosystem conservation and water resources management in the MDB have been criticized as maladaptive, involving a high level of risk of overly narrow adaptation, and having a high risk of institutional failure (Pittock and Finlayson 2011) . In the past, Basin planners have not considered climate change despite rhetoric about adapting, and the current Basin Plan does not plan for climatic extremes . A major criticism of the Basin Plan, is that, while providing a long-term, water allocation plan for the MDB which among other things, set sustainable diversion limits (capping water extraction for economic purposes) it does so without much regard for future projections of changes in water availability (Horne 2014; Pittock 2013) . As yet, Australia does not have an overarching adaptation policy or even guidelines or principles for adaptation. The climate change policies currently in existence have been described as an Bad hoc collection of discrete and conflicting measures^ (Pittock 2011; p.25) .
The CAF was developed specifically to consider climate change adaptation, as a tool to help local natural resource managers to assess the climate change adaptation potential of NRM management options. It provides a technical analysis of management options that must then be fed into further decision-making process. It was developed using three case studies based on a participatory process to engage natural resource managers (NRM) with explicit expertise in catchment management and knowledge of different options that could potentially enable adaptation to climate change. The basis of the CAF is explained, followed by a discussion of the implications of the adaptation options for NRM managers and policy makers.
Methods
The research project aimed to identify ways of assessing low risk climate change adaptation options in Australian catchment management by assessing the risks, costs and benefits of commonly used management activities for freshwater systems. The project was undertaken in partnership with representatives of Catchment Management Authorities and focused on three catchments in the MDB: the Goulburn-Broken, Lachlan and Murray (see Fig. 1 ) The CMAs are regional bodies established under state government laws that carry out NRM activities at the sub-basin level. In this respect they work within the statutes of their respective governments and provide on-ground activities through these.
The CAF was developed in this project through an action research approach (Gray 2004 ) with project partners informing the research design. These partners included members of the three CMAs, representatives of government departments responsible for water management and key academics. The main stages of the project included a literature review, a technical Fig. 1 The Murray-Darling Basin showing the location of three case study catchments. Source: Lukasiewicz et al. 2013a, b workshop, interviews and three CMA workshops. In the three-day technical workshop, participants investigated various water-related NRM options in the three catchments and shortlisted nine of these for our assessment. From this workshop a draft of the CAF framework was produced for further elaboration.
The technical workshop was followed by 20 semi-structured interviews (see O'Leary 2005) with stakeholders in the three catchments that explored the economic, environmental and social implications of the proposed options. Most of the interviewees were CMA project staff responsible for the implementation of freshwater-related NRM options. Government water managers from the states of New South Wales (NSW) and Victoria were interviewed to provide a state-level perspective on climate change adaptation. Similarly, water managers from national water institutions were interviewed to gain a basin-level perspective on climate change adaptation. The 40 to 60 min interviews in July and August 2012 were mainly conducted by phone. Following the interviews, three CMA workshops were held in each catchment to work through the CAF framework, reviewing the data obtained from the literature review, the technical workshop and semi-structured interviews. Each section of the CAF was discussed and assessed individually by the CMA project partners, facilitated by the research team to identify locally appropriate climate change adaptation options. The results of each workshop were tabulated using the CAF (Lukasiewicz et al. 2013a ). Limitations of this approach included having a CMA focus and overt reliance on expert opinion; as the effectiveness of any qualitative assessment can be affected by the quality of the information that is used and therefore the make-up of the participants providing the information. The CMA staff, while being the appropriate participants in this project, presented a specific set of views, influenced by their roles as the government-community interface and their needs to carry out catchment goals within localised settings.
The case studies
Water planning in the MDB is complex (and has changed significantly in the last decade). CMAs operate at the meso-scale and their jurisdictions are determined by state government priorities, and more recently the creation of the Basin Plan and the actions of the Commonwealth Environmental Water Office. Thus while CMAs do not set Basin priorities, they do contribute to implementing them, for example, as a key partner for the delivery (especially allocation and timing) of environmental water in their catchments (Docker and Robinson 2014) . Since the project was completed in 2012, the regional bodies in NSW were restructured from Catchment Management Authorities into Local Land Services, with changed responsibilities, boundaries and institutional arrangements. This major institutional change affected many local management activities for a prolonged period of time and effectively halted further involvement of the NSW CMAs in the CAF process.
The three CMAs discussed in this paper ( Fig. 1 ) have well-developed fresh water programs that had considered most of the nine options that were being investigated. As the CMAs were in the process of developing climate change adaptation plans in order to meet state government planning requirements (of the time), the participants were familiar with many of the concepts that were being considered. The three catchments chosen for the study have freshwater NRM programs that effectively illustrate the different adaptation options assessed. Further, existing links between researchers and these agencies enabled agency staff to become active research partners. The catchments themselves are very different, in terms of ecosystems, water infrastructure and resultant governance arrangements. The Goulburn Broken river system is very interconnected, with irrigation water stored in wetlands, making it very difficult to separate consumptive and environmental water. The Lachlan, on the other hand, is an almost enclosed hydrological system, meaning that it does not have to share recovered water with other catchments, leading to perceptions among the local CMA staff that there is less focus (hence funding and investment) on it at a basin level. The Murray catchment attracts both focus and investment due to its iconic status and Ramsar wetlands, leading to greater involvement of federal organisations. Despite their differences, at the time of the study, the CMAs each had similar goals regarding climate change adaptation focused on the concept of resilience and the creation of resilient landscapes and communities (Lukasiewicz et al. 2013a ). Our project focused on working at the CMA level, within their individual planning priorities.
Natural resource management as adaptation
Our research drew on an ecosystem-based approach to climate change adaptation which advocates strategies that improve environmental health as a way of ameliorating climate change impacts (The World Bank 2009). Such strategies include the use of protected areas (Dudley et al. 2010) , protection, maintenance and restoration of resilient, connected ecosystems (Cottingham et al. 2005 ) and conservation of biodiversity 'hotspots' (Catford et al. 2012 ). The nine NRM options assessed in our study (summarised in Table 1 ) are based on an initial exploration of six MDB adaptation options proposed by Pittock and Finlayson (2011) then refined through the literature review and discussions with project stakeholders. The list is not exhaustive and other NRM options could be assessed, including managed aquifer recharge, species relocation programs or catchment reforestation projects. However, these were not prioritised by stakeholders in the case studies. Our assessment found that the nine selected options were largely used for biodiversity conservation by countering degradation caused by past practices. Because of this singular focus their potential additional value for climate change adaptation was overlooked. For example, higher evaporation and stream temperatures may be counteracted with the Riparian Revegetation, which can directly lower stream temperatures (Davies 2010) . Similarly, Conservation of Gaining Reaches, which provides a source of cooler ground water feeding into streams that can further ameliorate high temperatures and provide a drought refuge for native fish under conditions of climate change (Pittock and Finlayson 2011) .
A framework for adaptive management
As a response to the lack of clear frameworks and guidelines, there has been a proliferation of climate change adaptation frameworks in the academic literature. For example, Shoo et al. (2013) developed a decision framework aimed at individual species, evaluating their vulnerability to climate change and thus assessing likely options; while Manandhar et al. (2013) introduced an integrated framework that documents and evaluates peoples' perceptions on climate change and adaptation and then looks at adaptation options. Our framework, takes a reverse approach by assessing existing activities for their climate change adaptation potential and cobenefits that include ecosystem service and socio-economic benefits.
The CAF was developed to consider 'low-risk' and 'no-regret' activities that provided the most benefit to climate change adaptation by: (1) either directly reducing existing stresses; (2) implementing 'no regrets' options; and (3) spreading the risks by intervening with different and complementary options. 'No-regrets' options are those where implementation will result in benefits for society or the environment, regardless of future climate change (Hallegatte 2009 ).
The CAF is a process-based tool comprising seven sections that offer a holistic and inclusive assessment of NRM adaptation options. A main output of the process is a qualitative summary that is used to inform management decisions rather than a directive Bcheck list^that points to the Bbest^option (an example of the Murray catchment is provided as supplementary online material). In using the CAF, the social learning process of decision makers and stakeholders identifying, understanding, evaluating and developing a common view on the merits of the adaptation options is more important than the data in the final summary table. When compiling the outcomes it was stressed that participants needed to consider the best Lukasiewicz et al. 2013a, b possible outcomes for the area of concern and avoid simply adopting the most common view without careful consideration. The Catchment Relevance section establishes specific projects or options that are either undertaken or considered by the managing body, allowing for a more practical assessment. In our case studies, several options had already been rejected by managers on various grounds, or not yet implemented. These options were still discussed by workshop participants. Most notably, the Thermal Pollution Control option had been considered and rejected by all three CMAs as maladaptive in terms of high opportunity costs.
The Climate Change Adaptation section considers firstly whether the NRM option contributes to reducing nonclimate change stressors or to increasing resilience to climatic shocks under current conditions. The criteria to determine the adaptation potential of different options can be modified depending on the assessment; a set of criteria specific to inland water systems was developed. The assessment of this component can be based on expert opinion or quantitative modelling and the presence and desirability of outcomes for each option can be tabulated. In the three workshops, the option with the most identified negative impacts was the provision of Environmental Flows. Concerns included the potential of environmental flows to spread exotic species (such as carp), result in cold-water pollution (from large dam releases) and uncertainty over whether or not they could trigger carbon emissions in the Barmah Forest (from movements of large amounts of water) (Lukasiewicz et al. 2013a, p.41-44) .
Conversely, Riparian Revegetation appeared to be most beneficial in terms of both reducing vulnerability to existing stressors and increasing resilience to climatic changes in all three workshops. However, assessments of other options were not so straightforward. In the Murray catchment, Conservation of Gaining Reaches was thought to be both directly beneficial and detrimental to one of the criteria (mitigation of other reductions in water quality) as groundwater sources make a positive contribution to water quality unless the groundwater itself is saline (as is the case in some parts of the Murray catchment).
Once the adaptation potential is assessed, the effectiveness of each option can be considered under different climate change scenarios using modelling or expert judgment. This is important to avoid planning adaptation options based on one preferred scenario, a common practice in the MDB (Pittock 2013) . Our study relied on the expert judgment of workshop participants and used the widely accessible CSIRO Sustainable Yields projections (CSIRO 2008) to test adaptation under a range of future scenarios. Five scenarios were considered: current conditions (at the time, these were described as very wet), wet, moderate, dry and very dry. The middle three were based on the CSIRO projections, while the others were conditions that had recently been experienced by participants, illustrating the recent extremes of the Millennium Drought (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) and the subsequent 2011-2012 floods. Workshop discussions revealed that management goals and objectives would change under the different scenarios, from restoration and expansion of biodiversity assets under wetter conditions to the protection of refugia for biodiversity under drier periods. The discussions also highlighted that the severity of existing conservation problems would change under the different scenarios. For example, mitigating cold water pollution (Thermal Pollution Control) caused by poor dam design, leading to stratification of water temperatures, could be redundant in very dry scenarios as dam levels may be too low for temperature stratification to occur.
Maladaptation potential was then assessed based on the six types of maladaptation identified in the literature (Barnett and O'Neill 2010) . Although various modelling tools could be used, in our project, we tested the maladaptation potential through workshop discussions. Participants were quick to point out that estimates of the magnitude of maladaptation depended on one's point of view and were often unknown. For example, in discussing the potential of options to place a disproportionate burden on the most vulnerable people, all three workshops focused on the negative socio-economic impacts that acquiring water for environmental needs places on irrigation communities (discussed by Swainson et al. 2011) . Participants believed that acquiring water for the environment (especially through 'water buybacks') placed both real and perceived stresses on water-using communities at the local and regional scale, regardless of government and academic reports to the contrary (see CoA, 2011; Gale et al. 2014; Lukasiewicz and Dare 2016) . There was also recognition that the Conservation of Resilient Habitats option creates a disproportionate burden on the non-targeted ecological communities by directing scarce resources away from areas that need rehabilitation; as did Environmental Works and Measures (EWMs), which can only provide water to vegetation communities at lower elevations on the floodplains. Effectively, those ecological communities that are already fragmented and degraded are further marginalized because investment is concentrated in more intact, more valuable habitats which can be watered using EWMs.
Ecosystem Services Benefit is based on the concept of evaluating the ecosystem services that benefit people as described in the Millennium Ecosystem Assessment (2003) . The list of ecosystem services evaluated can be modified depending on catchment characteristics and preferences of local people, as was done by Reid-Piko et al. (2010) in their assessment of the Murray-Darling Basin. In the CMA workshops, participants were asked to identify how various types of ecosystem services (provisioning, regulating, supporting and cultural) were positively or negatively affected by NRM options. While many participants found this section to be informative, the sheer number of identified services (27) presented a challenge.
The Compatibility section highlighted the interactions between different options as any assessment of NRM must focus on identifying a suite of most appropriate, complementary options as the complexities of environmental impacts mean that multiple threats must be concurrently addressed . It highlighted the need for a Bmulti-prongedâ pproach to adaptation by highlighting different but complementary options that ought to be implemented together to spread the risk of failure of any one intervention. This component was not originally part of the CAF but was added later, as a result of feedback from project participants on the CAF design. The need for this component was highlighted during workshop discussions of the maladaptive potential of NRM options that increase existing stressors. For instance, while Environmental Flows, EWMs, and Freshwater Habitat Connectivity were all recognised as highly valuable adaptation options, their successful implementation may assist in the spread of invasive species (especially Cyprinus carpio carpio, the European Carp).
The Constraints to Implementation section considered physical, financial, social and institutional factors that may prevent or constrain implementation. Unsurprisingly, funding was identified as a major constraint for most of the options in all three workshops. For example, even when CMAs were not financially responsible for NRM options like Environmental Flows, they still lacked the financial means to conduct monitoring programs to measure and demonstrate progress. Several types of socio-political constraints were developed inductively through interview analysis, namely personality, economic circumstance and community attitude. For example, negative community attitudes were identified as a constraint to Environmental Flows in all workshops. Institutional constraints were identified for those options that would involve multiple regional, state and federal agencies. For example, Conservation of Gaining Reaches depends on groundwater-sharing plans that are established and reviewed through state government processes. Similarly, building EWMs or undertaking carp control programs usually involved state and federal government funding and other participation.
Physical constraints could be both natural, such as sheer size of the catchment preventing costeffective pest control, as well as human-induced, as in the case of large dams preventing fish passage.
The Socio-Economic Considerations section assessed the positive and negative socioeconomic implications of individual projects and options. These were explored through semi-structured interviews. For example, the third party impacts of Environmental Flows are well known, including: the flooding of private lands, potential destruction of crops, interruptions to grazing, disruptions to irrigation supply and blocking off access to lowlying areas. However, the positive outcomes of Environmental Flows, along with the Riparian Revegetation, create green Bhavens^during drought, which provided significant, albeit unquantified, positive psychological effect in drought-affected communities (Lukasiewicz et al. 2013a; p.63) . The economic benefits of Riparian Revegetation include feed for livestock, assistance with drought-proofing and increasing carrying capacity of the land. However, these are mostly undersold in the promotion of riparian restoration because it is hard to quantify the benefits. Discussion in all three workshops focused on the costs of carrying out restoration projects, as although the CMAs cover either all or a substantial portion of the costs of erecting fences to protect vegetation from livestock, the responsibility for maintenance and replacement rests with the landholders. This becomes an economic issue in flood-prone areas if fencing is damaged and has to be restored. This section brought in the social dimension of adaptation to the CAF and was based mostly on qualitative methods of information gathering, in our case, semi-structured interviews. Quantitative types of cost-benefit analysis could be used with qualitative assessments to determine positive and negative socio-economic impacts.
Finally, the Risk of Failure section considered the risk (probability multiplied by consequences) of the option failing to achieve its goals under different climate change scenarios. While similar to the assessment of option effectiveness under different climate change scenarios, the risk of failure considers not just the biophysical risks but the added institutional or socioeconomic risks that may be overlooked in assessments. Although encouraged to consider social and economic risks, the conversations in all three CMA workshops revolved around the risk of ecological failure as the others were felt to be too abstract by the participants. Also, various workshop participants pointed out difficulties of visualizing impacts at the right scale, as it was hard to picture how different climate change scenarios would affect individual streams. Discussions on risk revealed that different climate change scenarios presented both threats and opportunities. For example, drier conditions provide more options for the Management of Exotic Species, especially control of carp and willows, since both thrive in wetter conditions. It is worth noting that workshop participants were more focused on the extreme wet and extreme dry scenarios because they were lived experiences (through the Millennium Drought and then the 2010-2011 floods), rather than the wet, moderate or dry scenarios developed by the CSIRO modelling.
The CAF possesses some significant limitations. We relied heavily on the expert judgment of workshop participants, all of whom were CMA staff engaged in water-related projects. Therefore, the results could have been different if non-CMA stakeholders were present during discussions. Due to the lack of fit-for-purpose scenario-based modelling, the hypothetical nature of discussions in the future scenarios and risk assessment sections does represent a significant limitation to the CAF. Nevertheless, in the absence of reliable, standardized projections of future impacts at a local level, the qualitative methods used in the project proved helpful to the participants who, at the time, were faced with state government directives to incorporate climate change adaptation into their water management strategies and struggled to do so. The usefulness of the CAF process for incorporating climate change adaptation into existing policies and management plans was frequently commented upon by participants during CMA workshops.
Conclusion
The development of the CAF focused on adaptation through existing management actions that constitute 'no regrets' options, directly reduce existing stresses and spread intervention risk through complementarity. In CMA workshops in three Australian catchments, CMA staff found Riparian Revegetation, Freshwater Habitat Connectivity, Conservation of Resilient Habitats, Conservation of Gaining Reaches, Geomorphic Restoration and the Management of Exotic Species to increase resilience and reduce vulnerability, and considered them to be effective under all of the climate change projections. These options were also thought to have lower levels of maladaptation potential, multiple ecosystem services benefits and lesser risk levels.
Decisions concerning the other three options (Environmental Flows, EWMs and Thermal Pollution Control) proved to be more complicated. CMA staff felt there were potentially higher risks and costs for these options, but these negative characteristics may be outweighed if the benefits are great, or managed in such a way that they are reduced to acceptable levels. The significance of these benefits need to be carefully addressed before any action is initiated and after, through an adaptive monitoring approach. The CAF enabled such issues to be identified systematically, and incorporated into integrated decision-making on natural resource management investments. Despite the significant differences between catchments, the three CMAs reported similar institutional issues and struggled with the same social constraints, meaning that outcomes of this assessment have significance for other catchments in Australia and internationally. Our project coincided with the needs of the CMAs to incorporate climate change adaptation into their catchment planning process and thus had positive impact on the people involved. Unfortunately, major institutional changes to catchment-based NRM halted progress in NSW. However, there has been interest in the User Guide from WWF in Russia, who planned to implement the CAF process on the Amur River but were unfortunately prevented due to the prevailing economic crisis. Instead they have incorporated the CAF User Guide (Lukasiewicz et al. 2013b ) into a forthcoming book on Amur floodplain management.
Based on this study we conclude that many existing freshwater management actions could provide building blocks for a holistic climate change adaptation strategy. A focus on a suite of complementary options, rather than the choosing of one or two Bbest^options can spread risk and the uncertainty of localised impacts of future climate change. We also recognise that the outcomes of any assessment would be influenced by the available expertise of those involved in the assessment, a situation that is an everyday reality in local NRM organisations.
The CAF has been used to assist technical experts in CMAs Investigate options for adaptation within their local context. In addition to reporting of these outcomes we suggest that some aspects of the process could benefit from additional considerations. These include examining the following: a) how bias and absence of expertise can affect the outcomes of the investigations; b) determining how the views and needs of CMAs are incorporated into state and commonwealth planning decisions given that the former is more likely to represent local concerns, and deal with the people most affected by decisions that may be taken at some distance from them; investigating how CMAs are adaptively responding to the wider scale implementation of environmental flows and whether the monitoring being undertaken by universities and others is affecting their decision making; and ascertaining whether or not institutional changes with the CMAs have affected their capacity to respond to issues raised when using the CAF. These are seen as steps that could potentially extend the usefulness of the assessments and provide CMAs with further information and guidance when making decisions about issues as complex as adapting to climate change at a local level. In these ways the CMAs may be able to make more informed decisions as well as provided such information to local communities likely to be affected by climate change and adaptation measures.
The CAF process enables practitioners to assess the advantages of a range of identified adaptation options that can then be subjected to wider decision making and management planning. The process should be applied in full (as described in Lukasiewicz et al. 2013b ), i.e. resource managers need to identify and then assess potential options through the four step process explained in the User Guide.
The CAF is designed to support local resource managers in assessing adaptation options by providing a structured process for documenting the information that is used. As with any qualitative process it is accepted that inadequate knowledge could undermine the usefulness of the outcomes; we would thus encourage future CAF users to ensure they are fully aware of the details and complexities associated with adaptation options. We believe that by documenting the information that is used, the reasoning behind the assessments can be provided to other users and checked as required, including when further expert knowledge becomes available. By providing the information used for the assessments in a structured manner, as done by using the CAF, limitations of the process caused by incomplete or inadequate information, can be rectified. The process can be applied to a range of challenges for climate change adaptation in NRM to help inform decisions on interventions in the face of uncertainty. However, given the hydrological, institutional and socio-economic differences between catchments, we would not recommend generalisations from case study to another, although we would encourage mutual learning.
